Introduction
Evaluation of the gene expression by reverse transcriptase polymerase chain reaction (RT-PCR) tests has been widely used in scientific research. However, the kind of samples and the reagents used in the protocols of RNA extraction may contain substances which inhibit the reaction.
Collecting blood through venipuncture is a simple clinical procedure to obtain a viable blood sample for the evaluation of gene expression by mRNA detection. Nevertheless, some studies claim that such samples contain PCR inhibitors, and that it is therefore first necessary to perform a procedure to separate the peripheral blood mononuclear cells (PBMC). (1) Another option would be to conduct blood hemolysis prior to RNA extraction. (2) Blood also contains high levels of RNases, which are the primary cause of RNA sample degradation. This degradation occurs if the quality of the employed procedures is not controlled rigorously. (3) In view of the doubts that have been cast on the use of whole blood without previous treatment for these molecular tests, the aim of the present report is to compare the suitability of different peripheral blood samples for RT-PCR analysis.
Methods
Ten volunteers were selected from the Immunoparasitology Laboratory of the Immunology Department at the Aggeu Magalhães Research Center/Fiocruz (CPqAM/ Fiocruz) and from the Hospital Universitário de Pernambuco (UPE), both situated in the city of Recife, State of Pernambuco, Brazil. The study was approved by the Research Ethics Committee of CPqAM/Fiocruz (Nº. 032009). The participants were informed about the nature of the research, its objectives and methods and all participants signed written consent forms.
Peripheral blood was collected using the vacuum system (Vacutainer®) in 10 ml tubes containing heparin. In order to evaluate the viability of stored frozen whole blood, the samples of individuals from the Huoc-Upe were, after culturing, stored in Trizol at -20°C for 6 months, whereas the other samples were immediately processed for PBMC and whole blood cultures with or without hemolysis.
The cells were cultured as follows: i) For whole blood, heparinized blood was diluted 1:2 in an RPMI 1640 medium (Sigma) SBF (10%) and incubated at 37°C/5% CO 2 for 24 hours. For samples processed immediately, cultures were performed in duplicate for subsequent hemolysis in one of the tubes. ii) In the case of PBMC, separation was performed in accordance with the protocol developed by Lorena et al. (4) A 10 6 cells/ml concentration was placed in culture tubes in a 1 ml final volume of medium. The tubes were incubated in a 5% CO 2 environment and cultured at 37°C for 24 hours.
Hemolysis was performed by adding 8 ml of lysing solution (2.85% sodium citrate, 30% diethylene glycol, 54% of 37% formaldehyde, 0.04% of USP 100,000 heparin) to culture tubes previously set aside for this purpose. The tubes were incubated for 8 minutes in the dark until the solution was translucent. After this period, filtered PBS was added. Then, the solution was centrifuged at 460 x g for 10 minutes and the supernatant removed with a vacuum pump.
Total RNA isolation was performed using the Trizol reagent (Invitrogen®) according to the manufacturer's instructions. After extraction, samples were re-suspended in Rnase-Free Water (Invitrogen®, Carslbad CA). Quantification was carried out using a spectrophotometer (Pharmacia Biotech) following the manufacturer's instructions. For the subsequent amplification tests, the sample group (whole blood without treatment, whole blood with hemolysis, PBMC and frozen whole blood) which showed the highest ratio was chosen. The normalization of concentrations was carried out at a 30 µg/ml final concentration. The integrity of the extracted RNA was evaluated by 1.2% agarose denaturing electrophoresis with visualization using ethidium bromide stain. The gel was analyzed in a photo documentation system (Gel Logic 100, Imaging System).
For the reverse transcription reaction, tubes with a 13µL mixture containing 4µl (500ng) total RNA, 1µl Oligo dT primer (50µM), 1µl dNTP (10 mM), and 7µl Rnase-free water, were placed in a dry bath for 5 min at 65°C followed by 1 min in an ice bath. As a second step, 7µl of sample mix was added to each tube (5X RT buffer [250 mM Tris-HCl, pH 8. Samples were incubated at 50°C for 1 hour followed by 70°C for 15 min, whereupon they were re-suspended in 80 µl Rnase-free water. A negative control without sample and a reaction control without enzyme were also used. In order to compare the "in-house" protocol with a commercial kit, the samples were submitted to reverse transcription using the SuperScript III First-Strand Synthesis System kit for RT-PCR (Invitrogen®) following the manufacturer's instructions.
The samples were evaluated using conventional PCR with the human ß-globin gene as the target. A 48µl sample mix was thus used ([1. Taq DNA polymerase; miliq water) and 2µl of each cDNA sample. Amplification was performed in a Mastercycler gradient thermocycler apparatus (Eppendorf ®). The first stage transcript was performed at 94°C for 30 seconds, followed by heating to 55°C for 30 seconds, one denaturation cycle at 55°C for 60 seconds, annealing at 72°C for 30 seconds, extension at 72°C for 90 seconds followed by 35 consecutive cycles of denaturation, annealing and extension at 94°C for 30 seconds, 55°C for 30 seconds, 72°C for 30 seconds respectively, and with a hold temperature of 20°C. To observe the specific band of the ß-globin gene, 2% agarose gel electrophoresis was performed with visualization by ethidium bromide stain. Gel analysis was carried out using a photo documentation system (Gel Logic 100 Imaging System).
Results
Spectrophotometer RNA analysis showed that it was possible to obtain a good degree of nucleic acid purity (ratio between 1.8 and 2.0) in adequate amounts (concentrations between 30 µg/ml and 304 µg/ml) for all the sample types (whole blood without treatment, whole blood with hemolysis, PBMC and frozen whole blood).
With regards to the quality of RNA, the electrophoretic profiles indicated that the RNA was intact without any degradation in all samples (Figure 1 ), which suggests that the RNA was not subjected to the action of RNase in the samples and/or in the materials used.
Analysis of the adequacy of samples for RT-PCR using ß-globin gene amplification showed the 110pb target for all sample types and protocols employed in reverse transcription ( Figure 2 ).
Discussion
Historically, the assessment of the integrity of RNA has been performed using agarose gel with ethidium bromide stain. Typically, these gels show two ribosomal RNA (rRNA) bands of 28S and 18S. In this kind of analysis, the quality of the RNA is considered good when the 28S/18S ratio is equal Most traditional methods of RNA extraction, such as extraction by phenol chloroform or the use of Trizol, are known to potentially act as PCR inhibitors, which might increase the margin of error of the reaction. (9) In the present study, RNA extraction using the Trizol reagent was satisfactory to produce RNA in an appropriate quantity and of an appropriate integrity for further analysis. However, the variation in the RNA concentration observed in this study is certainly not related to the extraction method, because another study which compared three different methods to extract RNA from resins found that similar results were obtained, regardless of the method used. (10) Furthermore, a study conducted by some authors (11) , which compared different protocols to extract RNA from paraffin-embedded samples, found that the cost-benefit remained constant for all of the principal methods available. This means that these traditional methods are cheaper than commercially available kits which employ more expensive advanced technology. This result was also reported by another authors, (12) who stated that the quantity and quality are factors which are independent of the RNA extraction method.
Regarding the implementation of RT-PCR by ß-globin gene amplification, our results show that when the extraction and purification of RNA are carried out in an appropriate manner, the choice of sample type and protocol depend only on costeffectiveness. In the case of the samples frozen for six months, the banding pattern was more subtle than the others. This indicates increased degradation of RNA in samples that are kept frozen for long periods of time.
As for the use of peripheral blood samples in studies to evaluate gene expression using PCR, some authors rule out the use of this kind of sample without prior treatment due to the high levels of RNase and PCR inhibitors, such as heme, immunoglobulin G and lactoferrin. (13, 14) Additionally, blood samples collected using the anticoagulant heparin present an additional problem, because this drug also appears to be a strong inhibitor of PCR. (15) Unlike the aforementioned studies, this report observed target amplification irrespective of the sample type, the presence of the anticoagulant heparin or the type of protocol used for RNA extraction or reverse transcription. In view of this, whole blood without prior treatment would appear to be a viable sample for this purpose. This is of great importance because even a few minutes after blood sample collection, the gene expression profile of cells changes significantly as a result of transcription induction and transcript degradation, in such a way that it is almost certain that purification processes, such as PBMC separation, introduce further changes in gene expression. to or greater than 2. (5) However, this interpretation appears to be subjective and difficult to reproduce, since this ratio is rarely found in literature, especially in cases of RNA derived from clinical samples, where the relationship between the electrophoretic pattern found for the rRNA and the integrity of mRNA has not been fully clarified. (6) Therefore, in the absence of more sophisticated and accurate methods to establish the integrity of RNA, such as the 2100 bioanalyzer system for correct discrimination of DNA, RNA and protein, the electrophoretic profile evaluation should be performed to determine the banding pattern and the 28S/18S ratio for each experiment. (7) As found in our results, it is acceptable that even with a low ribosomal RNA ratio, the RNA is of good quality, especially if no degradation products are observed in the electrophoresis. 
Conclusion
The results presented in this report demonstrate that, irrespective of the sample type used, it was possible to extract RNA of an acceptable quality and in an acceptable quantity for RT-PCR testing and subsequent amplification of target genes. Peripheral blood without prior treatment is more practical for laboratory testing and could be used in tests that quantitatively assess gene expression, such as Real Time PCR. 
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